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Abstract 

New limits on couplings X&“, which break both the baryon number and the 

R-parity, are derived by using a new mechanism that contributes to the neutron- 

anti-neutron oscillation. The constraints due to proton decay and its potential 

phenomenology are also reexamined. 
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The minimal supersymmetric standard model (MSSM) [l] has been widely considered 

a~ a leading casc&jate for new physics beyond Standard Model. However, unlike the 

Standard Model, additional symmetry, called R-parity defined as (-1)3B+L+F, has to be 

imposed on the minimal supersymmetric extensions of Standard Model (MSSM) in order 

to avoid renormalizable interactions which violate the lepton and baryon numbers. It is 

in fact one of the main theoretical weakness of these models because the conservation of 

R-parity is an ad hoc imposition without fundamental theoretical basis. Therefore, it is 

interesting to ask how small these R-parity breaking couplings have to be by investigating 

the phenomenological constraints on them if they are indeed added to the MSSM [2]. 

The most general renormalizable R-violating superpotential using only the MSSM 

supexfields is 

W = X~jLiLjEl, + Xl;jLLiQj~L + Xft”UiDjDk . (1) 

Here, i, j, k: are generation indices and we have rotated away a term of the form ~ijL;Hj. 

The couplings Xl”j must be antisymmetric in flavor, XI:: = -xfi. Similarly, A$” = --x;~“. 

There are 36 lepton number non-conserving couplings (9 of the X type and 27 of the A’ 

type) and 9 baryon number non-conserving couplings (all of the X” type) in Eq.( 1). TO avoid rapid proton decay, it is usually assumed in the literature that X, X’ type 

couplings do not coexist with X” type couplings. We make the same assumption here and 

consider constraints on X” couplings only. The constraints on X and X’ couplings [3] have 

been discussed quite extensively in the literature. We discuss a new set of constraints on 

A” due to their contributions to the neutron-anti-neutron oscillation (NANO) through a 

new mechanism. In addition, we wish to emphasize that couplings of X” type cannot give 

rise to the proton decay only when the proton is the lightest particle with ( -)L = + and 

(-)F = -. If there are lighter fermions with (-)L = +, such as lightest neutralino or 

gravitino, the proton can in principle decay into them. In that case strong constraint on 

X” can be derived and, if they indeed give the leading contributions to the proton decay, 

it will greatly a.Eect the leading proton decay mode. 

There are many existing constraints on the 9 different X” couplings, Xi,“, Xk, Aid”, 

t II X,, , XL”, Xzd”, Xts”, AL” and ,zd”. First of all, one can show [4, 5] that the requirement 

of perturbative unification typically places a bound of order one on many of the couplings. 

A potential constraint on IXY~“I due to neutron-anti-neutron oscillation was discussed in 
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ref. [6]. However it was later realized [5, 71 that the constraint is not as strong as it was 

originally derive.d-due to additional source of suppression factors. Stronger constraints [5, 

6, 71 on lAyd”j can be derived from the non-observation of double nucleon decay into two 

kaons (such as 160 -+ i*C K+K+), 

&“I < 1o-6 (for M+ 21300 GeV) . (2) 

In addition, Goity and Sher [5] was able to find a one-loop mechanism which gives rise 

to a strong bound on ]XU,“j by the non-observation of neutron-anti-neutron oscillations. 

For squark masses of 300 GeV, their bound is roughly 

pg’l < 5 x 1o-3 . (3) 

Both numerical values have large uncertainty due to the nuclear matrix elements. In 

these references, some bounds on products of couplings were obtained by considering K-R 

mixing. Recently, bounds from the gb induced vertex correction to the decay of the 2 into 

two charged leptons have been obtained [8]; though potentially interesting, with present 

data they are not significantly better than the bound from perturbative unification. In 

Ref.[9], Carlson, Roy and Sher obtained some new bounds on the A” couplings from the 

rare two-body nonleptonic decays of B and D mesons. From the recent experimental 

upper bound [lo] of 5 x lo-’ on the branching ratio of B+ -P fiK+, they obtained 

IX~,“X~,“l < 5 X lo-j+,2 , for q = t, c, u. (4) 

where Fn = m+/mw. For the decay B+ + ROT+ or B- + KO~-, using the experimental 

upper bound [lo] of 5 x lo-’ on B.R.(B+ - ROT+), they obtained 

IX~“X’jd”l < 4.1 x 10m3?i , for q = t, c,u. (5) 

Barbieri and Masiero [7] al so obtained bounds on A” from their one-loop contributions to 

the KL-KS mass difference. These bounds can be summarized as [5] 

1 ,;,“&“I < min (6 x lO-*?t,3 x lo-*+:) , 

IX~,“X~“l < rnin 6 x lo-*?,,2 x lo-*Tf) , ( (6) 

assuming that the top quark is much lighter than scalar top, and that all squark masses 

are degenerate. Bounds from D-6 mixing also have been considered [5] and give 

pyx;,“I < 3.1 x 10-3r’, . (7) 
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Let us first consider the constraints on X” imposed by the non-observation of NANO. 

First of all, it is-dear that in order to violate baryon number by two units one needs to 

use X” twice. Goity and Sher [5] di scovered a one-loop diagram as in Fig. 1 that can 

contribute to NANO. The resulting effective operator is [5] 

L&!; = T 1~P&~,,,,,zl;,dRB~~dL7’Z1c~,dFls, . (8) 

The diagram is calculated at zero external momenta and yields 

Tl = J(M~,A4$,m~.M~) . (9) 

Here we assume the Kobayashi-Maskawa matrix of the left-handed squark is the same 

as that of the quarks. Dummies i, j, k and n are generation indices which are summed 

in (8). Note that j and k cannot be d. We follow the convention and Feynman rule in 

Ref.[ll]. The momentum integral J is 

+1+2,a3+4) = 
The mass-squared term /J$ which mixes Ed and & is given by 

pa=Amq . 

(10) 

(11) 

Coefficient A is a soft supersymmetry breaking parameter[5]. Consistent with most of 

the MSSM in the literature, we assume that all left-right squark mixing parameters are 

flavor diagonal. 

Phenomenologically, the neutron oscillation time is given by 7 = l/I’, where the 

transition probability (per unit time) I’ = IT+(O)“/. The amplitude T due to the Feynman 

diagram in Fig. 1 is given by Tl in (8). The wave function squared $(O)‘, which is simply 

related to the matrix element of the operator in (7), h as een estimated by Pasupathy[l2] b 

to be $(0)2 = 3 x lo-* GeV’. Nevertheless one should be aware that other evaluations[l3] 

differ by more than an order of magnitude. Those differences among various evaluations 

characterize the degree of our ignorance about the matrix element; however, AL” will vary 

only as the square root of $(O)‘. F rom the experimental limit on the neutron oscillation 

time[l4], r > 1.2 x 10s s, the bound on A&” can be obtained. 

The results depend on the the squark masses as well as Kobayashi-Maskawa angles. 

We shall assumed, as is Ref.[5], that the charm and up squark masses are degenerate. 
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Since Tl has two powers of the masses of m& and mdj, Goity and Sher assumed that 

the b squark dominates. They obtained a strong bound on IXb”l of roughly 10m3 for 

MC = ME = 200 GeV and Mi - 220 GeV, for the scenario A = MG = 200 GeV. Note that 

if all three up-type squarks have the same mass, the transition amplitude in (8) vanishes 

because of the GIM cancelation via the internal up-type squark line by suppression factors 

of the form aMl/Mg where AM,2 is a typical up-squark mass difference. 

This set of diagrams turns out to be just one of the four sets of one-loop diagrams that 

can contribute to NANO. The other three diagrams are given in Fig. 2,3,4. It is not too 

hard to see that the contributions from diagrams in Fig. 3 and Fig. 4 are proportional the 

external quark momenta and therefore their contributions are suppressed by additional 

factor of rnN/Mw where mN is the neutron mass. Since the remaining factors are roughly 

of the same order of magnitude, we shall ignore contributions from Fig. 3 and Fig. 4 even 

though they can be just as easily estimated. 

The resulting effective operator from the contribution of Fig. 2 is 

g; = T2Ec4,E,rg,l’~c~d,dRB~~dLrr‘~~~,dRB’ , (12) 

where T2 is estimated to be 

T2 = 

x I(Mi, M&,mk,m$; M&, Mjk) _ (13) 

Here the function I(ul, u2, a 3, u4; us, as) of the momentum integral is defined to be 

xdx a2 6 
c 

Ui ln( U;) 

(X + U5)2(X + U6)2 nz=l(X + Uk) = aU5aU6 i=l nkfL(Uk - Ui) ’ 
(14) 

The two diagrams Fig. 1 and 2 can give rise to quite different constraints on X”. First of 

all, the two diagrams involve quite different operators and therefore their matrix elements 

may be quite different also. For numerical illustration, we shall take the two matrix 

elements to be the same. Secondly, the two contributions, Tl and TX, involve quite different 

dependence on X” parameters and various masses. Unlike in the case of Fig. 1, the 

GIM cancelation in case of degenerate squark masses does not occur in Fig. 2 because 

the cancelation is already broken by the generation dependence in the couplings of 1”. 

Using the known quark mixing angles, we found numerically that the channels for i=n=t 



and k, j=s or b dominate if all squarks have the same mass. Barring from accidental 

cancelation due..&& different contributions for k, j = s or b, we obtain the constraints for 

the scenario Mg = A = MG, 

IX’,,12 < ( 2oomrev)2 4.5 x 10m6 for M@ = 100 GeV , 

lx~d12 < (200myev)2 2.4 x lo-* for Me = 200 GeV , 

I&l” < 7 x 1o-6 for Mi = 100 GeV , 

P&l2 < 4 x 10-4 for Me = 200 GeV . (15) 

Next we discuss the issue of the proton decay when the R-parity breaking terms such 

as X” and a light neutralino coexist. This possibility was mentioned only briefly in the 

literature. As emphasized earlier, if the proton is not the lightest ferrnion with-zero lepton 

number, then in general the X” coupling will induce the proton to decay into such a lightest 

supersymmetric particle (LSP). F or example, if the LSP is a photino and m+ < mp -mK, 

the leading proton decay mode can be be p+ + K+T due to the tree-level diagram in 

Fig. 5. Previous search on proton decay mode p + Kv [14] can be translated into the 

experimental limit on this mode and places a very stringent constraint on the coupling 

AL” < lo-l5 ) if T<<Tnp-mK. (16) 

For a slightly heavier photino, which is still lighter than the proton mp > rnf 2 mp - mK, 

the proton can still decay through p+ - x+7 or p+ -+ e+vr with a weaker bound on 

x ttu h because additional vertices of the weak interaction are needed in the process. Also 

in this case, one can consider a tree-level process that converts two nucleons in a nuclei 

into a photino in NN - A?. If the LSP is Higgsino or zino, the limit will be only slightly 

weakened. 
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Figure Captions 

1. A one-loop diagram for the amplitude T, in the process n-6 oscillation. The X” 

couplings appear in the circles. 

2. A one-loop diagram for the amplitude T2 in the process n+ oscillation. 

3. A one-loop diagram for the amplitude T3 in the process n+ oscillation. This 

amplitude is suppressed by rnN/Mw. 

4. A one-loop diagram for the amplitude T4 in the process n+ oscillation. This 

amplitude is suppressed by mN/ikfw. 

5. A tree-level diagram for the proton decay p+ - K+T for a very light photino. 

\I, AL 4, J “R dL VI 
. 
f --*yi I’- 

I 
I 
a 
I 

7 

dR 
. 
I 
. 
I 

” UiL A . U”L 
. 
I 
I 
. 
I 
I 
a 
I 
I 

N*.$.++ 
I \/ / . dL 

. 
r /\ - . 

dkR dk L ii+ ii- 

dR 

> “R 

Fig. 1 

8 _ 



Fig. 2 
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